Responses of horses in frightening situations are important to both horse and human safety. While considerable scientific interest has been shown to the development of reactivity tests, little effort has been dedicated to the development of appropriate training methods for reducing fearfulness. The process, where young horses learn not to react to otherwise frightening stimuli, was studied using 27, 2-year-old, naïve Danish Warmblod stallions. The horses were trained according to three different methods, based on classical learning theory. In the first method (Classic habituation), the horses (n=9) were exposed repeatedly to the full stimulus (a moving, white nylon bag, 1.2 x 0.75 m) until they met a predefined habituation criterion. In the second method (Gradual habituation), the horses (n=9) were introduced gradually to the moving stimulus and were habituated to each step, before the full stimulus was applied. In the third method (Associative learning), the horses (n=9) were trained to feed from the bag, i.e. to associate the stimulus with a positive reward, before they were exposed to the full stimulus. Five training sessions of 3 minutes were allowed per horse per day. Heart rate and behavioural responses were registered. There was no significant difference between methods in behavioural or heart rate responses during the first training session. However, horses that were habituated gradually showed fewer flight responses totally and needed fewer training sessions to learn to react calmly to test stimulus. Variations in heart rate persisted even when the behavioural responses had ceased. We conclude that gradual habituation is the most effective training method for horses in frightening situations. Further research is needed in order to establish the role of positive reinforcement, such as food, in the training of horses.
Introduction
Horses are primarily used for sports and leisure for a large number of children and young women. Unfortunately, horse riding ranks as one of the most dangerous sports in terms of the number and seriousness of accidents, and investigations have shown that unexpected flight responses are a major cause of accidents (Keeling et al. 1999) . The ability of a horse to habituate to a range of otherwise frightening stimuli greatly increases safety in the horse-human relationship. Development of effective methods for reducing fear in horses therefore has important practical applications for safety of both horse and handler. While considerable scientific interest has been shown in the development of reactivity tests (e.g. Wolff et al. 1997; Visser et al. 2001; Seaman et al. 2002; McCall et al. 2005) , very little effort has been dedicated to the development of appropriate training methods for reducing fearfulness in horses.
Habituation is the waning of responsiveness towards a repeated stimulus and is probably one of the most common types of learning in horses (Cooper, 1998) . Habituation can be regarded as a simple form of learning because it involves reduction of a response which is already there. Associative learning, on the other hand, is about acquiring new responses. After some repetitions of an event followed by the same consequences, a long-term association is built up between the event and its result and the animal's behaviour changes accordingly. The best known example of associative learning is Pavlov's dogs, which learned to associate the sound of a bell with food. Pavlov also found that dogs were able to generalize their responses to include stimuli similar to the conditioned one (Manning and Dawkins 1998) . There has been considerable scientific interest in animal learning in a wide range of animals e.g. rats, pigeons and primates, while there is no published research on such basic learning abilities as habituation and sensitisation in horses, and very little research on basic associative learning processes (see review by Nicol 2002) . This is surprising given the importance of these processes in every elementary training programme, and Nicol (2005) states that more studies of the application of learning theory to practical problems are desperately needed.
In this study we trained horses according to three different methods; 1) classic habituation, 2) gradual habituation and 3) associative learning in order to investigate which of the three methods is most efficient for training horses to react calmly to an otherwise frightening stimulus. We hypothesise that horses are able to generalize about the test stimulus so that once familiar with the test stimulus in one situation, the stimulus will appear less frightening, i.e. elicit a reduced response, even when presented differently. Based on this assumption, we further hypothesise that alternative methods, such as gradual habituation and associative learning, will be more efficient, compared to the more simple type of learning in a classic habituation approach.
Recent studies have shown that behavioural reactions combined with physiological data are reliable measurements of horse reactivity (Christensen et al. 2005; McCall et al. 2005) . In this study we use heart rate data, combined with two behavioural scores (immediate reaction to the test stimulus as well as latency to return to a feed container) to determine reactions of the horses during the training sessions. Equine reactions may be influenced substantially by human handlers, and we therefore developed training methods without human handling.
The aim of this study was to investigate which of three different training methods, based on learning theory, was the most effective for horses to learn to react calmly in an otherwise frightening situation.
Materials and Methods

Animals
A total of 27, 2-year old Danish Warmblod stallions from a large stud were used in this study. All colts were kept on pasture with the dam before weaning and were subsequently housed in large groups in straw-bedded boxes with access to outdoor areas during the winter. The colts had received a minimum of handling, only for necessary veterinary or farrier treatment. During the summer (May -October) the colts were pastured in a large enclosure (30 ha). Prior to the experiment, the stallions were habituated to wearing halters, heart rate monitoring equipment, to being socially isolated and to feeding from the container inside the test arena. Before the present experiment the horses took part in a different research project, investigating social transmission in horses, during which they all had similar experiences with the test arena. The horses were assigned to one of three treatments (training methods) based upon their reactions during the initial handling and in the first experiment, balancing the number of highly reactive horses and calm horses on each treatment. One horse became lame during the experiment and had to be excluded from the study, i.e. the data analysis is carried out on n=26 horses.
Test arena
Within the 30-ha summer enclosure, a smaller capture enclosure (1-ha) contained a fenced waiting area (50 m 2 ). Next to the waiting area a start box (2.5 m 2 ) and a test arena (10 m in diameter) was constructed out of straw bales (1.2 x 1.2 x 2.4 m 3 ) in two layers, making the height of the walls of the arena 2.4 m (Fig. 1) . The set-up enabled the horses to hear, but not see their group mates during the tests. A feed container, placed in the middle of the arena, contained a mixture of alfalfa and the horses' usual winter feed (oat, barley, soybean oil meal, minerals and molasses).
Test stimulus and training methods
The test stimulus was a white nylon bag (1.2 x 0.75 m) which was pulled from outside the arena from a flat, folded to an unfolded, upright position by use of a string. The test stimulus was applied when the horse had been feeding for at least 30 sec. The horses were trained according to three different methods (Table 1 ). In the first method (Classic habituation; MET1), the horses (n=9) were exposed repeatedly to the full stimulus until they met the predefined habituation criterion (see below). In the second method (Gradual habituation; MET2), the stimulus was divided into several less frightening steps, i.e. the intensity of the movement was lower during the first steps, and the horses (n=9) were habituated to each step, before the full stimulus was applied. In the third method (Associative learning; MET3), the horses (n=8) were trained to feed from the bag, i.e. to associate the stimulus with a positive reward, before they were exposed to the full stimulus.
An equal number of horses on each method were trained during a test day. The study conforms to the 'Guidelines for Ethical Treatment of Animals in Applied Animal Behaviour and Welfare Research' prepared by the Ethics Board of the International Society of Applied Ethology (www.applied-ethology.org).
Recordings
Behavioural reaction to the test stimulus (Table 2 ) and latency to return to the food were registered using a handheld computer (Workabout, PSION PLC, UK). The observer sat quietly on top of the straw wall next to the start box, and the horses were used to the presence of the observer. Heart rate (HR) was recorded with Polar Vantage (Polar Electro OY, Kemple, Finland), which consisted of an electrode belt with a built-in transmitter and a wristwatch receiver. Water and gel were used to optimise the contact between electrode and skin. The HR monitoring equipment was fitted on the horse in the waiting area prior to testing, and the receiver stored data from the transmitter (every 5 sec). Subsequently, data were downloaded via a Polar Interface to a PC, using the software Polar Precision Performance TM SW 4.
Habituation criteria
The habituation criterion was met when the horses showed only 'head up' or no behavioural response to the test stimulus (Table 2 ). For MET3 the first step was passed when the horse fed from the bag for at least one minute during the 3-minute training session. Horses which did not habituate within 20 training sessions were excluded from further training.
Data analysis
Data on the number of required training sessions were registered as the number of extra sessions a horse needed in order to meet the habituation criterion, i.e. a horse on MET1 which did not react to the test stimulus at the first presentation was scored as receiving 0 training sessions. A horse on MET2 or MET3, which passed directly through the three different steps corresponding to their training method, was also scored as receiving 0 training sessions. In case a horse needed e.g. two extra sessions in order to learn to feed from the bag in MET3, and passed directly through the other two steps, the horse was scored as receiving two training sessions, and so forth.
The number of horses on each training method was balanced between test days, and test day is not considered further in the analysis. Preliminary tests showed that there was no effect of horse on the initial HR (before the training sessions), probably due to the similar age, breed, and exercise level of the horses, making it unnecessary to correct for individual differences in initial HR. Thus, the analysis was carried out on data for average HR (HR_avg) and maximum HR (reflecting the immediate response of a horse towards the test stimulus; HR_max).
The number of required training sessions was analysed in Kaplan-Meier Survival Analysis: Log-Rank test, considering censored values, in the statistical program SigmaStat 3.0 (www.spss.com). The analysis was carried out on 'number of training sessions + 1', to include also horses with zero extra training sessions. Behavioural scores, latencies, and heart rate data (HR_max and HR_avg) were analysed for effect of training method by One Way Analysis of Variance (ANOVA; SigmaStat 3.0). Correlations were analysed using Spearman RankOrder correlations (SigmaStat 3.0). A significance level of P<0.05 was used throughout.
Results
Number of required training sessions
Four of the 26 horses (15.4%) did not habituate within the course of the experiment (MET1: 1 horse (11.1%); MET3: 3 horses (37.5%)). Horses which were trained according to MET2 (Gradual habituation) needed fewer training sessions (Required training sessions (mean ±se): MET2: 2.4 ±0.7, MET1: 4.6 ±2.0, MET3: 12.0 ±2.8; U 2 =9.16, P=0.01; Fig. 2 ) to learn to react calmly to the test stimulus.
Reactions during the first training session
Surprisingly, there was no significant difference between horses on MET1 and horses on MET2 in their behavioural reaction, latency to return to the food, HR_max, or HR_avg during the first training session, i.e. the horses did not react more to the full stimulus (MET1) than to the slower, less moving test stimulus (MET2) during the very first presentation. MET3 differed from the other two methods during the first training session in that the horses only had to learn to feed from the bag and they were not exposed to a sudden stimulus. Although insignificant, their HR responses suggest that this situation may be even more frightening than exposure to a sudden stimulus (HR_avg (bpm, mean±se): MET3: 89.3 ±9.9, MET1: 75.6 ±8.6, MET2: 71.0 ±6.2, n.s.; HR_max: MET3: 117.1 ±12.1, MET1: 95.7 ±10.7, MET2: 86.9 ±8.3, n.s.).
Reactions upon presentation of the full stimulus
There was a significant difference between the horses' reaction to the first presentation of the full stimulus in that horses on MET1 received a higher reactivity score (Fig. 3) , a longer latency to return to the food (seconds (mean±se); MET1: 21.7 ±7.7; MET2: 4.4 ±1.1; MET3: 3.6 ±1.0, F 2 =3.88, P=0.038), and showed a higher HR response (e.g. HR_max: MET1: 95.7 ±10.7, MET2: 68.1 ±3.0, MET3: 66.4 ±6.4, F 2 =4.52, P=0.024) than did horses on MET2 and MET3. There was no difference between horses on MET2 and MET3.
Correlations between HR and behavioural responses
There were significant correlations between the horses' HR response and their behavioural response (score and latency) during the first training session (Table  3) , i.e. horses with a high HR also received a higher behavioural score and took longer to return to the food.
Correlations between HR and number of required training sessions
There was a strong correlation between HR responses during the first training session and the total number of required training sessions, i.e. horses which were highly reactive during the first training session needed more training sessions to learn to react calmly to the stimulus (all horses, r s =0.73, P<0.001). However, looking at the correlations separately for each training method it appears that while the correlation remains strong for horses on MET1 (r s =0.86, P<0.001) and MET3 (r s =0.90, P<0.001), it is insignificant for horses on MET2 (r s =0.62, n.s.).
Variations in HR at point of habituation
There were large variations between horses in their HR response, even when the behavioural response towards the test stimulus had ceased, but the variation did not differ between the methods (max_HR range (bpm): MET1: 60-105, MET2: 59-77, MET3: 50-85).
Discussion
Our results show that gradual habituation was the most effective and gentle training method for horses in order to learn to react calmly in an otherwise frightening situation. In addition, all horses on this method eventually habituated to the frightening stimulus, whereas some horses on the other two methods did not habituate within the experimental period. Associative learning appeared to be the least appropriate training method. In this method we encouraged the horses to explore the test stimulus by the use of food. Although food is a very strong motivator and is the most commonly used reinforcer in experimental work on equine learning (Nicol 2002) , our results imply that the use of food in order to train horses not to be fearful is inefficient.
Feeding from frightening objects is often applied in police horse training where it appears to be useful (pers. com. UC Carlsson-Lindkvist, responsible for education of Swedish police horses). However, the police horses are typically left with a task in an enclosure, e.g. food is placed in the middle of a large piece of plastic and the horse needs to step on the plastic in order to get to the food. In this way the horse is able to train itself and has plenty of time to solve the problem (obtain the food). Since the high number of required training sessions for horses on MET3 in the present experiment were caused by the time taken to learn to feed from the test stimulus, the training method may prove useful in other circumstances when horses are able to train alone. Gough (1999) succeeded in reducing fear responses towards a clipper by allowing the horses to listen to the sound of the clipper while feeding during 2 weeks. However, the study was carried out on a small number of animals and there was a lack of control, meaning that the reduction in response may be caused by a general habituation. Further research is necessary in order to identify possible benefits of the use of positive reinforcement and associative learning in relation to fear reactions in horses.
In the present experiment, food was used in all methods to estimate the responses of the horses in terms of their latency to return to the feed container after being exposed to the test stimulus. The latency shows when the horse has calmed sufficiently to start feeding again and there were strong correlations between behavioural (latency and score) and HR responses of the horses during the first training session. The strong correlation between heart rate responses during the first training session and the total number of required training sessions shows that the immediate response of a horse in a frightening situation may be used to predict its trainability. However, the result that the correlation was insignificant for horses trained gradually implies that a more gentle training method is beneficial for the more emotional horses. In combination with the result that all horses passed on this method whereas some horses never habituated on the other two methods, our study indicates that the choice of training method is likely to be especially important for the more reactive horses. In fact, the horses which did not habituate seemed to sensitize, i.e. they became more and more reactive, to the test stimulus. The risk of developing phobias in horses further emphasizes the importance of choosing appropriate and gentle training methods for the most fearful horses.
In this experiment we based the habituation criterion on behavioural measures, since a reduction in behavioural response typically is the end goal for horse trainers. However, the analysis of the heart rate data revealed large individual variations between horses, which met the behavioural habituation criterion. Thus some horses may still be frightened by the test stimulus, even when the behavioural reaction has ceased. Previous experiments have shown that more emotional horses are poorer learners and are less trainable for riding (Heird et al. 1986) , and it may therefore be beneficial to promote the use of heart rate data as a quick, easy and non-invasive tool in the daily training of horses. Surprisingly, there were no significant differences between the methods in heart rate and latency to return to the food during the first training session in the present experiment, i.e. the horses did not react more to the full stimulus (Classic habituation) than to the slower, less moving test stimulus (Gradual habituation) during the very first presentation. This is in accordance to results on lambs where behaviour towards a novel object was independent of the speed of appearance (Désiré et al. 2004) . The results probably reflect the biological relevance of prey species reacting to any unknown movement in the environment, regardless of the intensity. Despite the lack of difference during the first training session, the weaker and gradually increasing movement intensity of the test stimulus in MET2 had a positive effect on the speed of learning in the test horses, which was due to the fact that the horses reacted less during subsequent exposures.
Results from the first presentation of the full stimulus showed that horses on MET2 and MET3 had learned to generalize about the test stimulus from previous presentations and reacted less even when the stimulus was presented differently, i.e. they reacted less during the first presentation of the full stimulus, compared to horses on MET1. The similar responses towards the full stimulus in horses on MET2 and MET3 indicate that any difference between these methods has disappeared for horses that do get this far in the training program. It should be noted though that horses may become used to being tested, rather than learn to generalize about the test stimulus. However, the test horses already had experience with the test arena and test situations prior to the present study. In fear tests, there is also a risk of the animals becoming sensitized, because they know that something is going to happen in the test arena. While a few horses appeared to sensitize on MET1 and MET3, all horses on MET2 habituated to the test stimulus and they needed fewer training sessions in total, supporting that a gradual approach is more easily learned by the animals.
Conclusion
We conclude that gradual habituation is the most effective and gentle training method for horses in frightening situations. 
MET1: Classic habituation
Step 1: The horse is exposed to the full stimulus while feeding from the feed container in the middle of the test arena (i.e. the bag is lifted from a flat folded to an upright position at full speed).
MET2: Gradual habituation
Step 1: As in MET1, but with the bag lifted only halfway up at half speed.
Step 2: The bag is lifted all the way up at half speed.
Step 3. The horse is exposed to the full stimulus (as in MET1).
MET3: Associative learning
Step 1: A similar bag is placed with the test stimulus and feed is spread on the bag, while the usual feed container is removed from the arena. The horse is allowed to feed from the bag during the entire test time.
Step 2: The horse is exposed to the full stimulus, while feeding from the other bag below the test stimulus.
Step 3: The horse is exposed to the full stimulus while feeding from the usual feed container in the middle of the test arena (as in MET1).
Prior to a training session, the test horse is fitted with a halter and HR equipment and led to the start box where it is released. The session starts when the arena door is opened by the observer and the horse is free to enter the arena. The horse raises the head from the feed container and chewing is interrupted, but it is not alert and does not move away from the feed container
Alert
The horses stands vigilant with elevated neck, with or without tail elevation, head and ears oriented towards test stimulus, chewing is interrupted and the horse may move up to two steps away from the feed container
Away
The horse moves three or more steps backwards or sideways from the feed container in response to the test stimulus, typically followed by alertness
Flight
The horse turns/jumps away from the feed container in a sudden movement, typically followed by trotting/galloping, alertness and possibly snorting 1 Reaction allowed in habituation criterion Data not analysed* * The horses did not receive a reactivity score during the first step in MET3. Besides, 7 of 8 horses were censored, i.e. did not approach the bag with food within the test time. 
